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621.  Hydrin-complexes  of  Transition  Metals.  Fart  J.  Hydrido- 
complexes  of  Ehodium{i),  GobqU{i),  and  Gobalt{ni). 

By  A  :Sacco  and  R.  Ugo. 

The  preparation  and  properties  are  described  of  complex-salts  of  rhodium  (i) , 
[Rh{CjH4(PPh|),}j]X  (X  =  Cl,  CIO4,  BPhJ.  From  these  comiwunds,  a  veiy 
stable  hydridO'Complex  of  rhodium(i),  [RhH{C,H4(PPh, ),},],  haji  been  pre¬ 
pared  by  reduction  with  lithium  ajuminium  hydride  or  sodium  bdrphydride. 

The  product  of  the  reaction  between  [CoBrj{CjH4{PPhj),}4]  and  sodium 
borohydride,  previously  described  as  a  derivative  of  cobalt{0);  is  shown 
to  be  a  liydrido-ccmplex  of  cobalt(i),  ,[G5H{C,H4(PPhi)4}j].  This  formula 
is  supported  by  the  diamagnetism  of  the  copipound;  by  it^  infrarod  spectrum, 
and  by  its  reaction  with  car^n  tetrachloride  to  give  chloroform.  On  the 
grounds  of  their  dipole  moments  (ca.  3— 4d)  and  of  their'isomorphism  with 
[Ni{CjH4(PPh4)|}4],  a  non-orthogonal  structure  for  these  hydrido-complexes 
of  rliodidnuand  cobalt  is  suggested.  The  hydrido-comple.xs  of  cobalt(i) 
behaves  lilf_  a  Lewis  base,,  giving  with  perchloric  acid  the  hydridorComplc.x 
[CoH4{C4H4(PPh,),}JC104.  \  ' 

A  number,  of  .stable  iiydrido-complexes  of  transition  .metals  of  general  formula 
[MHxXyLJ,  where  X  is. -aa  anicyiic  ligand  and  L  is  a  tertiary  phosphine  or  arsine,  have 
been  prepared  iri  thedast  few  yeare.^  Among  the  metals  of  the  cobalt  grouf^  many  very 
stable  derivatives  of  iridium;*‘ahd  only  aTew  of  rhodium,®  are  known.  The  only  known 
hydridb-complex  of  cobalt,  stabilised  by  a’ tertiary  phpsplujic,  is  [CoH{C2H4(PPh2)2}J, 
\vhich  has  been. prepared  in  these  laboratories^  by  reductioh  of  [CoBr2{C2H4(PPh2)2)2]'with 
lithium  aluminium  hydride  in  tetrahydrofuran  ;.[CoD{C,H4(PP1)2)s}2]  was  similarly  prepared 
by  use  of  lithium  aluminium  deuteride.* 

Jn  this  Paper,  we  describe  the  preparation  and  proijertics  of  (a)  some  complex-salts  of 
rliodium(i),.[Rh{DPE)2]X  (PPE  =  1,'2-bisdiphenylphosphinoethane;  X  s=  Cl,  Gl64,BPh4); 
(6)  a  hew,  very  stable  hydrido-complex  of  rhodium(i),  [RhH(DPE2)3,  (c)  a  hydrido-complex 
of  cobalt(i),  [CbH(DPE)2],  obtained  by  reaction  between  [CoBr2(DPE)2]  and  sodium 
borohydride  ^previously  described  ®  as  giving  a  cobalt(O)  derivative),  and  (d)  a  h3'drido- 
complex  of  cbbalt(in),  obtained  from  [CoH(DPE)2]  by  reaction  with  perchloric  acid; 

Rhodium,  Derivatives. — ^The  compound  [Rh(DPE)JCl  is  easily  prepared  from 
[Rh(CO)2Cl]3  and  the  diphosphine  in  benzene.  It  is  a  stable,  yellow,  crystalline  substance, 
soluble  in  polar  organic  solvents,  in  which,  it  is  ionisedi-and  insoluble  in  hydrocarbons. 
The  corresponding"  perchlorate  and  tetraphenylborate  are  readily  obtained  by  exchange 
in  alcoholic  solution. 

The  hydrido-complex  of  rhbdium(i)  is  obtained  by  reduction  of  [Rh(pPE)2]Cl  with 
lithium  aluminium  hydride  in  tetrahydrofurah,  or  with  sodium  borohydride  in  ethanol. 
It  is  an  orange,  ciystalline  compound,  rather  soluble  in  benzene,  but  insoluble  in;  alcohols 
and  light  petroleum.  It  shows  considerable  thermal  stability  (decomp.  280°),  but  is 
rapidly  oxidised  by;  air. 

The  deuterido-complex  is  obtained  in  a  similar  way,  by  using  lithium  aluminium 
deuteride  in  tetrahydrofurah,  and  can  be  rccrystallised , by  adding:  ethanol:  to Jtsfbenzep.e 
solution  withbuf  any  detectable  exchange  occumng; 

Reactions^  The  hydrido-complex  of  rhodium  (1)  reacts  at  room-  temperature  with 
caibon  tetrachloride : 

[RhH(DPE)d -1- CCI4  =  tRh(DPE),]CI -1- CHCI, 

and  with  perchloric  acid,  in  aqueous  ethanol,  hydrogen  being  evolved  : 

[RhH(OPE),] HCI04  x=  tRh(DPE) JCIO«  +  H, 


On  treating  the  hydride  with  hydrogen  chloride  under  the  same  conditions,  hydrogen 
is  stilLeyolved,  with  a  molar  ratio,  hydrogen  :  complex,  of  1 :  1\  but  the  product  of  the 
reaction  contains  two  atoms  of  chlorine  per  atom  of  rhodium  and  behaves  as  a  uni¬ 
univalent  electrolyte.  This  compound  is  diamagnetic  and  has  a  weak  infrared  band  in 
the  region  of  the  metal-hydrogen  stretching  vibrations,  i.e.,  at  2110  cm."^.  The  same 
compound  is  also  obtained  by  treating  [Rh{DPE)2]Cl  with  hydrogen  chloride  in  ethanol- 
under  nitrogen,  and  we  therefore  consider  it  to  be  a  liydrido-complex  of  trivalent  rhodium, 
formed  as  follows: 

tRhH(DPE),]  4  HCI  4  tRh(DPE),]CI  4  H,. 

[Rh(DPE),lCI  4  HCI  =  tRhHCI(6PE)-JCI' 

Although  further  studies  will  be  undertaken  to  confirm  this  formulation,  it  is  supported 
by  the  analogous  addition  of  hydrogen  chloride  to  iridium(i)  complexes: 

(lrCI(CO)(PPh,),]  4  HCI  =  [lrHCI,(CO)(PPhj),l  (ref.  6) 

f.'H(CO)(PPh,)J  4  HCI  =  tlrH,(CO)(P?h,),lCI  (ref.  7) 

and  to  the  platinum(n)  complex  *  [PtHC^PEtg)^,  to  give  [EtH2Cl2(PEt^)2]. 

Cobalt  Derivatjves.-— By  reaction  of  [CoBi2(DPE)2]  with  sodium  borphydride,  cither  in 
absolute  or  in  aqueous  ethanol,  a  red  crystalline  compound  is  obtained,  which,  both  before 
and  after  rccrystallisation  from  benzene-ethanol  or.  dimethylformamide,  shows  an  infrared 
spectrum,  a  deconqxisition  point,  and  magnetic  ahdechemical  behaviour  exactly  similar 
to  that  of  the  com|)ound  obtained  *  by  reduction  of  [CoBr2(DPE)2]  with, lithium  aluminium 
hydride,  and.shown  to  be  tin  hydrido-complex  [CoH(DPE)2]. 

This  compound  is  very-rapidly  oxidised  by  air,  particularly  in  solution.  In  those  of 
our  preparations  carried  out  under  nitrogen  contaminated  with  2 — .3%  of'  oxygen,  r/e 
obtained  samples  with  magnetic  moments  ranging  from  0-8  to  1-6  B.M.;  only  when  great 
care  was  takcnjto  e.xclude  o.xygen,  were  diamagnetic  samples  juf  the  compound  obtained. 
Therefore,  we  think  that  the  magnetic  moment  previously  found  ®  for  the  compeuria,. 
obtained  by  the  same  reaction  could  have  been  diie  to  a  slight  contamination  of  the 
product. 

Reactions.  The  hydrido-complex  of  cobalt(i)  reacts  with'  'arbon  tetrachloride,  giving 
chiorofbrrri,  bubunlike  the  corresponding  rhodium  compound,  ho  hydrogen  is  evolved  on 
reaction  with  acids. 

.With|X5rchloric  acid,  it  gives  a  yellow,  diamagnetic  hydrido-complex  of  cpbalt(iii) : 

[CoH(DPE),]  -t-  HCIO,  =  [CoH,(DPE),]CI04 

This  cobalt(in)  complex/is  stable  in  air  over  a  period  of  days,  is  slightly  soluble  in 
ethanol  and  in  tetrahydrofuran,  but  insoluble  in  hydrocarbons,  and  is  a  uni-univalent 
electrolyte  in  nitrobenzene.  On  treatment  with  an  alcoholic  or.  an  aqueous  solution  of 
sodium  hydroxide,  it  giyes  the  starting  hydrido-complex  of  cobalt(i): 

[CoH,(0PE),]CIO4  -J-  NaOH  =  tCoH(DPE),]  4  NaCI04  4  HjO 

The  corresponding  deuterido-cbmplex  is  obtained  from  the  deuterido-complex.  of 
cobalt(i)  and  deuterated  perchloric  acid  in  deuterated  ethanol.  On  reaction  With  ,an 
ethanolic  solution  of  sodium  hydroxide,  it  gives  the  deuterido-complex  of  cobalt(i),  with 
noexchange. 

infrared  Spjclj;^. — The  spectra.of.  .some  ,rhodium{i);..cobalt(i)rand-nickel(0)  complexes 
are  shown  in  the  Figure,  The  hydrido-complex  of  rhodium(i).has  a  strong  sharp  infrared 
band  at  1902  cm."^  due  to  the  metal-hydrogen  stretching  vibration,  the  corresponding 
deuterido-complex  has  a  strong  sharp  band- at  1466  cm."^  (ratio  of  hydride  to  deuferide 
stretching  frequencies  =  i-39 :  !).  Moreover,  the  hydrido-complex  has  a  band  at  626  cm."^, 
which  is  absent  for  the  deuterido-complex,  and  which  we  tentatively  assign  to  the  bending 
mode8(Rh-H). 


The  hydrido-cOmplex  of  cobalt(i)  has  a  band  of  medium  intensity  at  ,1884  cmr^, 
ascribable,  by  comparison  with  the  spectrum  of  the  corresponding  deuteride,*  to  the 
stretciiingjmode  v(Co-H). 

The  increase  in  M-H  stretching  frequency  on  going  from  cobalt  to,  rhodium  is  in  agree¬ 
ment  with  the  increase  of  M-H  bond  strength  generally  observed  on  passing  from  the 
light  to  the  heavy  elements. 

The  hydrido-complex  of  cobalt(ni)  has  two  bands  of  medium  intensity  at  1940'  and 
1986  cm."l,  on  the  basis  of  which  we  assign  an  cis  octahedral  configuration  to  it.  The  corre¬ 
sponding  deuterido-complex  has  only  one  band  at  1400  cm."^  ascribable  to  the  stretching 
mode  v(Co-D),  the  second  band  is  most  probably  hidden  by  the  strong  band  of  the  ligand 
at  1436  cm.~i. 

Dipole  Moments  and  Structure. — ^The  hydrido-complex  of  rhodium(i)  in  benzene,  has 
a  dipole  moment  of  4-36  d  (assuming  —  0)  or  4-03  d> (assuming  ==  0-20  ^P).  The 
hydrido-complex  of  cobalt(i)  has  a  moment  of  3-60  d  (,vP  =  0)  or-3-08  d  {JP  =  0*20  gP). 

The  dipole  moments  (4-2 — 4-9,d)  obtained  by  Chatt^  for  the  hydrido-complexes  of 
the  type  /rflHSr[PtHCl(PR3)2l  and  /raMs~[MHCi{C2H4(PEt2)2}2l  (M  =  Fe,  Ru,  Os)  indicate 


Infrared  spectra:  (A)  RhD(DPE),;  (B)  RhHfDPE),;  (C)  CoH(DPE),;  (D)  Ni(DPE),. 

that  the  metal-hydrogen  bond-moment  is  less  than  2  d,  and,  owing  to  the  increased 
negative  character  of  the  fraws-halogen  under  the  influence  of  the  hydride  -ligand,  is 
probably  much  less  than  this  value.  Therefore, Tor  the  hydrido-complexes  of  rhodium(i) 
and  cobalt(i)  studied  here,  a  tetragonal  structure,  with  the' four  phosphorus  atoms  in  the 
same  plane  as  the  metal  atom,  can  be  excluded.  The  dipole  moments  of  these  hydrido- 
complexes  and  the  isomorphism  found  between  [CoH(DPE)j],  [RhH(DPE)J,  and 
[Ni(DPE)2]  indicate  a  distorted  tetrahedral  arrangement  of  the  phosphorus  atoms  around' 
the  central  metal  atom,  with  the  hydrogen  atom  .situated  along  a  trigonal  axis,  i.e.,  a 
structure  similar  to  that  proposed  for  the  cobalt  tetracarbonyl  hydride'.* 

If  the  suggested  structure  could  be  confirmed  by  an  X-ray  study,  these  compounds 
would  represent  the  first  example  of  very  stable  hydrido-complexes  having  a  non- 
orthpgqnal  configuration.  _ 

Nuclear  Magnetic  Resonance  Spectra. — The  spectra  of  the  hydrido-complexes  in 
deuterated  benzene  did  not  show  any  band  assignable  to  the  proton  resonance  of  the 
hydridic  hydrqgeru.probably  for. one  or  inore  the  following  reasons:  poor  solubility  of  the 
compounds-jn  beriz  ;ne;  inadequate  sensitivity  of  the  spectrometer;  and  sp'iitihg  of  the 
hydrogen  band  into  a  number  of  very  weak  bands,  owing  to  the  interaction  of  the  proton 
with  the  phosphorous-nuclei  of  spin  J.  The  very  sharp  bands  shown  by  the  C,Hj  and 


CKj  groups  of  ilie  of  the  compounds,  independently 

dbserved  by  means  of4hG..Gouy  method. 

Experimental 

The  diphosphine  (CH,*PPh,),  was  prepared  as  described  by  Chatt  and  Hart.*®  Tlie 
hydridb-comple-xcs  were  manipulated  in  an  atmosphere  of  dry  nitrogen,  and  samples  for  m.  p. 
determination  were  contained  in  evacuated  tubes.  Infrared  spectra  were  measured  on  Nujol 
mulls,  U;Si?ig  the  Perkin-Elmer  237  spectrometer;  Nuclear  magnetic  resonance  spectra  were 
measured  with  the  Varian  4310  C  spectrometer. 

Di~[\,2-bisdiphenyiphosphimethane)rhodium{i)  Chloride,  [Th(CjH4{PPhj),}2]Gl; — A  solution 
of  the  diphosphine  (3'1  g.,  2  mol.)  in.benzene:(20,c.c.)  was  added  to  a  solution  of;[EU'(CO),Cl]j 
(0'7  g.,  1  mol.)  in  benzene  (10  c.c.).  The  resulting' yellow  precipitate  was  washed  with  warm 
benzene  and  dried.  The  cot.iplex  is  diamagnetic,  soluble  in  chloroform,  methylene  chloride; 
methanol,  ethanol,  and  acetone,  but  insoluble  in  benzene  and  light  petroleum,  and  has  m.  p. 
21C?  (Found:  C,  |56-7:  H,  6-2:  cf,  3-8.  C„H4,ClP,Rh  requires  C,  66-8;  H,  6*2;  Cl,  3■8®^),• 
molar  conductance  (10'®M-.solution  in  nitrobenzene  at  28°),  24-6  ohn'*. 

Di-(i',2-hisdipheiiylphosphinoethane)rhodium{i)  Perchlorate,  [Rh{G,H,(PPhj)i}j)C104. — A  solu¬ 
tion  of  the  above  chloride,  in  ethanol,  was  treated,  with  an  ethanolic  solution  of  sodium 
perchlorate.  The  resulting  golden-yellow -P>^«cfpi7a/e  was  washed  with  ethanol  and  dried; 
it  had  m.  p.  282°  (Found:  C,  01-76;  H,  4-.7-;,  Cl;  3-b.  CsjH^sClO.PjRh  requires  C,  62-6;  H, 
4-8;  Cl,  3-56%);  -molar  conductance  (10'®M-solution  in  aitrobenzehe  at  26°),  21-G  ohm'*. 

bi-(l,2-bisdiplienylphosphinoethane)rhodhm(i)  Telraphehylborate,  [Rh{CtH4(PPhj)2}j]BPh4. 
— 'rhis  complex  was  prepared  in  a  similar  manner  to  the  perchlorate,  except  that  sodium  tetra- 
phenylborate  was  used  instead  of  sodium :perchlorate;  It  is  a  light  yellow  powrfer^m.  p.  246° 
(Found:  C, -7G,-3;  H,  5-8.  C,,H„BPiRh  requiresuC,  74-9;  H,  6-6%);  molar  conductance 
(10'*.M-solution  in  nitrobenzene  at  26°),  16-TohmTi; 

Hydridodi•{l,2^bisdiphenylphosphinoelham)rhOllim»l}),  {R\\}ii{Q,^^{9Ph^^}^. — (n)  A  solution 
of  [Rh(DPE),]Cl  (2-0  g.,  1  mpl.)  in  ethanoL(40  c.c;).  was  treated  with  a  solution  of  sodium  boro- 
hydride  (0-24  g.,  3  molq  in  etiianol  (30  cc.)  undefinilrogen.  The  resulting  crystalline  precipitate 
was  filtered  off,  dried,.and  crystallised  irom  benzene,  by  adding  ethanol;  to  give. diamagnetic 
OTongQ, plates,  decomp.  280°,  soluble  in  benzene,  but  insoluble  in  ethanol,  methanol,  and  light 
petrpleum',(Found:  C,  09^26;  H,  6-6;  P,  14-1.  Cs,H4,P4Rh requires  C,  69-3;  H,  6-6;  P,  13-76%). 

;(i)  A  solution  of  [Rh(DPE),3Cl  (l-O  g.,  .1. mol.)  in  tetrahydrofuran  (30  c.c.)  was’, treated  with- 
an  excess  of  lithium  aluminium  hydride  in  tetrahydrofuran  under  nitrogen.  The  original 
yellow  solution  rapidly  became  orange,  and  ethanol  was  then  slowly  added  until  effervescence' 
ceased.  The  solvent  was  removed  under  reduced  pressure  (6  mm.),  and  from  the  benzene- 
soluble  portion  of  the  residue,  the  complex  was  precipitated  with  ethanol;  it  was  identified  by 
means  of-its  infrared  spectrum. 

Deuteridodi-(l,2-bisdiphcnylphosphinoethane)rhodiun:i(i)  w.ts  similarly  prepared,  in  tetra¬ 
hydrofuran,  from  [Rh(DPEl,lCl  and  lithium  aluminium  deuteride. 

Hydridodi-[\,2-bisdiphenylphosphinoelhane)cobali{i),  [CoH{C,H4(PPh|)j},]. — ^This  was  pre¬ 
pared  from  dibromodi-{li2-bisdiphenylphospHinocthane)cobalt  and  sodium  boiohydride  (i)  in 
absolute  ethanol,  as  for  the  corresponding  rhodium  derivative,  and  (ii)  as  according  to  Ghalt,® 
in  3 :  1  ethanol-water  solution.  It  formed  diamagnetic  red  plates,  decOmp.  280°  (Found :  G, 
72-8;  H,  6-9;  P,  14-6.  Gale,  for  G„H4,CoP4;  G,  72-9;  H,  6-8;  P,  14-6®/o). 

Reactions  of  the  Hydrido-complex  of  Rhodium{i), — (1)  Reaction  with  perchloric  acid.  The 
hydrido-complex  (0-1374  g.)  was  treated,  in  an  evacuated  apparatus,  with  a  solution  (6  cx.)  of 
iM-perchloric  acid  in  4  ;q  ethanol-water,  and  thexvolved  gas  (4-00  c.c.  at  20°  and  760  mm.) 
waS:  collected.  The  molar  ratio  hydrogen  ;.coinplex  was  1-06 :  !.  The  solid  residue  was 
■filtercd/ott;  waited  wiffrShanoi;  and  driW,  ahu'was  identifi^  as  ul-{i;2-bl3uiphenyIpuOsphino,- 
ethane’(rhodium(i)  perchlorate  by  means  of  its  infrared  spectrum,  m.  p.,  and  analysis  (Found: 
Cl,  3-72%). 

(2)  {Reaction  with  hydrogen  chloride.  The  hydrido-complex  (0-1312  g.)  was  treated,  dn  an 
evacuated  apparatus,  with  a  solution  (6  c.c.);of  iM-hydrbgen  chloride  in, 4 : 1  ethanol-water,  and 
hydrogeni(3-60  c.c.  at  20°  and  760  mm.)  w^  eyolved.  The  molar  ratio  hydrogen ;  complex  was 
0-997  :  r.  Another  sample  of  the^hydrido-complex  (2-0  g.),  suspended  ia-tethanpl.  (15  c.c;), 
was  treated  vdth  tha^abpVe^ydrogen  chloride  Elution  (10  c.c,)  under  nitrogen.  After  the 
efferve^ehce  had;ceaOd,;the  solvent  was  removed  under  reduced  pressure  and  the  residue  was 


recrystalliscd  from  benzene,  yielding  light  yellow,  diamagnetic  crystals,  m.  p.  ‘1801—182°,  soluble 
in  polarorganic  solvents  and  in  benzene  (Found:  C,  04'16;  HW5'3:  Cl, . 7-1.  C,|H4,Gl,P4Rh 
requires  C,  64*3;  H;  6*1;  Cl,  7-3%);  molar  conductance  {10'*M-solution  in  nitrobenzene  at 
26°),  17-8  ohm->. 

Reaction  of  the  Ilydrido-complexes  with  Carbon  Tetrachloride. — ^The  hj'drido*coinplexes  of 
rhodium  and  of  cobalt  (0*1' g.)/, were  treated  with  carbon  tetrachloride  (0-26  c.c.)  under  nitrogen. 
After  a  few  minutes,  the  solvent  was  distilled  off  under  reduced  pressure,  being  collected  in  a 
solid  Ctirbon  dioxide  trap.  Its  infrared  spectrum  was  recorded,  using  0-1-mm.  cells  and  carbon 
tetrachloride  as  reference.  The  presence  of  chloroform  in  the  solvent  was  proved  by  the 
bands  at  1217  and  068  cm."*. 

Reaction  of  Di-{li2-bisdiphettylphosphinoethane}rhodium{\)  Chloride  with  Hydrogen  Chloride:- — 
A  solution  of  [Rh(DPE)j]Cl  (2*0  g.)  in  ethanol  (20  c.c.)  was  treated  as  in  (2)  (see  above)  with  a 
solution  (10  c.c.)  of  iM-hydrogen  chloride  in  aqueous  ethanol.  Removal  of  the  solvent  under 
reduced  pressure  and  recrystalHsation  of  the  residue  fromtbenzene  gaye  a  light  yellow  product, 
identified  by  means  of  its  infrared  spectrum,  ni.  p.,  molar  conductance  in  nitrobenzene  solution 
(17'0  ohm"'),  diamagnetism,  and  analysis  ^Found:  C,  02-3 ;  H,  6-2 ;  Gl,  7*0%)  as  the  same 
compound  as  obtained  in  (2).  On  treatment  with  sodium  tetraphenylborate  in  cthanolic 
solution,  it  gave  a  light  yoWow  precipitate,  m.  p.  234:,  slightly  soluble  in  ethanol  (Found:  C, 
72-5;  H,  5-6.');  Cl,  2-76.  Cj4H„BClP«Rffrequires  C,  72-0;  H,  5-G;  f  2-8%). 

Dihydridodi-{ \,2-bisdiphenylphospkirioelhane)coball(iii)  Perchloral 
[CoHj{C2H4(PPh,)2)j]C104. — A  suspension  of  ;[CoH(DPE)j]  ().‘0  g.)' in  ethanol  (30  c.c.)  was 
treated  with  a  solution  (5  c.c.)  of  iM-perchloric  acid  in  4  rJ  ethanol-water,  and  the  mixture  was 
.stirred.  The  yellow  crystals  which  slowly  formed  were  filtered  off;  washed  with  ethanol,,  and 
dried.  The  complex  is  diamagnetic,  slightly  soluble  in  polar  organic  solvents,  but  insoluble  in 
hydrocarbons,. decomp.  185—180°  (Found:  C,  04*7;  H,  6*3;  Cl,  3*0.  G5,H5oClCo04P4  requires 
C,  06-3;  H,  5*3;  Cl,  3*7%);  molar  conductance  (10'»M-solntion  in  nitrobenzene  at  20°), 
18*2  ohm"*. 

Dideuteridodi-(l,2-bisdiphcnylphosphinoethane)cobalt(m)  perchlorate  was  similarly  pre¬ 
pared,  in  dcuterated  ethanol,  from  [CoD(DPE),]  and  deuterated.perchloric  acid. 

Reaction  of  the  Hykrido-complex  of  Cobalt(iii). — [CoHj(DPE),]CiP4,  was  treated  with  a 
solution  of  l.M-sodium  hydroxide  in  1 ;  1  ethanol-water.  The  red  substance  formed  after 
several  hours  was  filtered  off,  washed  with  ethanol,  dried,  and  identified  as  hydridodi-{l,2-brs- 
diphenylpho.sphinoethane}cobalt(i')  by  means  of  its  infrared  spectrum.  The  same  reaction, 
carried  out  in  aqueous  iM-sodium  hydroxide,  took  about  ten  days  for  completion. 

Dipote^hj  uments. — These  were  determined  as  described  previously,  **  and  a’^e  listed  in  the  Table. 


Ut'j 

Ac 

Av 

*• 

P 

tP 

eP 

PlO  (**) 

[RhH(DPE),] 

0i01192 

0-03305 

-0-0049 

2-77 

-0-41 

666-6 

274 

4-35 

4-03 

0  01360 

0-03688 

-0-0066 

2-71 

-0-41 

656-0 

274 

[CoH(DPE)j] 

0-00832 

0-01887 

-0-0037 

2-26 

-0-45 

639-3 

274 

- 

0-00962 

0-019.14 

-0-0044 

2-05 

-0-40 

606-8 

274 

3-50 

3-08 
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